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What is a Barrier Analysis?

* |dentification and description of barriers in a
performance assessment

* Function of barriers in limiting or delaying timing
of releases or exposures; or reducing likelihood
of releases or exposures

« Can be qualitative or quantitative
« Natural and engineered barriers are considered
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What is a Barrier Analysis

« Examples of types of quantitative barrier
analyses
— One-off analyses
— One-on analyses
— Factorial designs

« Qualitative description of barrier functions and
capabilities



What is a Barrier Analysis

Example of a Factorial Analysis

#1 #2 #3 #4 #5

off on on on on
on off on on on
on on off on on
on on on off on
on on on on off
off off on on on
off on off on on
off off off on on

off off off off on
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How Does NRC Use Barrier

Analysis?

 To focus reviews and monitoring activities on
areas most important to risk

— To ask better questions
— To make better decisions

 To better understand system behavior

« To evaluate impact of challenges to disposal
facility performance

« To evaluate impact of uncertainty with respect to
barrier performance

 To focus data collection and research efforts



Barrier Analysis Examples:
Savannah River Sit

F-Tank Farm Facility (FTF) Barriers

RSN AR N AR ol Concrete
i R B Contaminated
' PR S b e T Zone
Basemat Solubility
Control
Saturated Zone

Adapted from SRR-REG-2007-00002, Rev. 1
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Barrier Analysis Examples:
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SRS FTF

Qualitative Barrier Analysis Example

A Cover—Redundant hydraulic barrier; provides defense-in-depth.

*The cover could be important for short-lived and other radionuclides , if other hydraulic barriers (i.e., tank
grout and steel liner) fail early.

*The cover is assumed to reduce long-term infiltration rate from 15 to 12 in/yr, leading to lower release rates
and delaying transitions to higher solubility for key radionuclides.

*The cover can also serve as an intruder barrier and enhances site stability through erosion protection.

Key Barriers in DOE’s Best
Estimate PA Model

VO vV Less Effective, Redundant Barrier to Timing of Release

B steel Liner—Hydraulic barrier.

*Prevents releases for Type | and III/IIIA tanks until after 10,000 years in DOE’s reference case.
*Delays transitions to higher solubility for key radionuclides.

v (Type IV) to V (Type | and lll) Effective Barrier to Timing of Release

Pathways Include: Animal/Product,
Vegetable, and Drinking Water
e nRestiOn; Inhalation; External Dose

P ;
f ol

Infiltration

C Type IV Tank Grout—Hydraulic barrier.

*Has relatively low hydraulic conductivity, reducing release rates during the performance period and delaying

Cover A

| Backfil

Backfill (Clay prop.)

Lower (Undisturbed Vadose Zone (Sand prop.)

=
F Upper Three Runs (Upper)
100 meters s Upper Three Runs (Lower)
Gordon Aquifer
l Not to scale

mo

transitions to higher solubility of key radionuclides.
*All tank grout serves as an intruder barrier.

V (Type IV only) Effective Barrier to Timing of Release

C & D Tank Grout and Contaminated Zone—Chemical barrier.

*All tank grout conditions infiltrating groundwater enhancing low solubility of ke y radionuclides.
*Significant releases of many key radionuclides do not occur for 1000s to 10s of 1000s of years.
*Once released, release rates and dose are reduced.

Up to vV VV Effective Barrier to Timing of Release

E Basemat—Chemical barrier.

*Delays release of many key radionuclides by 1000s of years.
*Reduces release rates of many key radionuclides by greater than a factor of 10.

Up to v Effective Barrier to Timing of Release (e.g., Np, Pu)

F Vadose Zone & Aguifer —Natural attenuation of releases.
*Reduces concentrations of key radionuclides by approximately 10X through dilution.
*Slows transport rates and decreases well concentrations of some key radionuclides via sorption.

Up to v Effective Barrier Delaying Timing of Peak Release (e.g., Pu)

Legend
v=around 2,000 to Vv =10,000 yr delay in timing of peak dose

FTF Monitoring Plan ML12212A192
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Luantitative Barrier Analysis Example

Tc Pu Np

Total Barrier Performance

1| Needed T e 1) (Type IV *Tank 18) (T oo 1)
(Function of Inventory) P ype v, yp

2a Final Solubility Control 0 2 1102

2b | (Initial Solubility Control) (910 11) 9to 11) (510 6)

3 Baserr_lat Attenuation <1 2 2
(Sorption)
Near-Field

& Diffusion or Dispersion % L L

5 | Aquifer Dilution 1 1 1

6 | Sorption <<1 1 <<1
Additional Dispersion to

7 POC 1-2 1 1
Calculated Safety Margin

< (calculated to peak dose) I d ]

FTF Monitoring Plan ML12212A192 :
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Partial Factorial Barrier Analysis Example

Barriers States (Worst to Best)
Solubility Control Low Solubility Control | Moderate Solubility High Solubility Control
(Very High Solubility | Control (Moderate (Low Solubility Limit)
Limit) Solubility Limit)
Basemat Sorption None Moderate to High
(No sorption or by- Sorption (High Kq)
Pass)
Natural System Low Sorption Moderate Sorption High Sorption
Sorption (Low Ky) (High Kq)
Solubility Control | Basemat Sorption L
Sorption

Case 3
Solubility Control Off

Moderate to High Moderate

10

WM2014 13153
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SRS FTF

Partial Factorial Barrier Analysis Example

Example Barrier Analysis Results

1

0.1
b
o
o

S 0.01
®
o
4

0.001

0.0001 -
1 None Off (All On) 2 Solubility Control 3 Solubility Control Off 4 Solubility Control 5 All Off (None On)
Partially Off (Solubility Partially Off, Basemat
Increases Earlier) Off
Scenarios

WM2014 13153 11
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ensitivity/Barrier Analysis Example
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12

Tanks 18 and 19 Special Analysis, SRR-CWDA-2010-00124, Rev. 0
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SRS FTF

sarriers to Timing Example

32000]  38000]  36000|  38000] 40000 42000] 400

Natural System (Pu) n

FTF Monitoring Plan ML12212A192
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Sinning Results to Identify Important Barriers

Figure 1:  Figure 2:

Indicating . Indicatin
Aquifer’

Figure 3: Figure 4: 100,000-Year Peak MOP Doses at the Well of Maximum Concentration,
Indicatin  Indicating Plutonium K, Values for Sandy Soil (Less Gordon Aquifer Well Depths, Tc
Aquifer \  OxII Sol. Limits = 3.0E-13, and Pu OxII Sol. Limits # 4.0E-14)

1.E+05
1.E+04
°
C W
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E
2
e | . E+0
a
1.E+01
1.E+00
0 10,000 20000 30,000 40000 50,000 60,000 70,000 80000 90000 100000
Years After Closure
®PuSand Kd <120 ® 120<Pu Sand Kd<195 195<Pu Sand Kd<295
295<Pu Sand Kd ® Deterministic

A) All Cases Configuration (286 — 138 = 148 realizations)

) Al Ve Lonjiguralton (0 /v — 2094 — 200 rediaanoris)



Barrier Analysis Examples:
SRS Saltstone Dispo

oo 1 NWIGRERRC

Conceptual Design,
Section 3.3.2

Vadose Zona,
Section 4.2.3.1.2

‘Dispoeal Unit
Inwentory,

UHDISTURBED 50IL

Hydrogeology,
Section 3.1.5
SATURATED ZONE
[AQUNFERS)

«. USNRC

United States Nuclear Regulatory Commission
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SRS SDF

Analysis of PORFLOW OQOutput (Related to 2009 PA
Review)

1.0

0.9 - \ - \\ ——Saltstone — -Vault
08 - / \
0.7 - [ \

0.6 - [ \

0.5 - \
0.4 - ’ \
l

0.3 -
0.2 - \
0.1 - )} N

0.0 ——— e e e o T T n!
0 5000 10000 15000 20000

Tc-99 Fractional Inventory

SDF Technical Evaluation Report ML121170309 16
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SRS SDF

Re-ran PORFLOW Model to Consider Alternative
Barrier Performance (related to 2009 PA review)

(Highlighted values indicate values changed since the previous test.)

Saltstone Ky (mL/g) Disposal Final Time of Dose
- Fracturing | Fracture Peak - 1
Reduced | Oxidized unit K, Scheme Spacing | Release Estimate
edauce XlaiZze
(mL/qg) (m) Rate (yr) (mreml/yr)
DOE
Case 500 0.8 500 to 217 Log 0.1 12,800 90
K1
Test .

1 500 0.8 500 to 217 | Quadratic 0.1 12,100 86
TZSt 500 0.8 0.8 Quadratic 0.1 8730 6802
TZSt 500 0.8 0.8 Log 0.1 10,300 930°
TjSt 500 0.8 0.8 Quadratic 1 19,100 25
TZSt 139 0.8 0.8 Quadratic 1 10,100 35

SDF Technical Evaluation Report ML121170309 4
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SRS SDF

e-ran PORFLOW Model to Study Natural System
Performance related to 2009 PA Review)

(Y, 1 i ¥r e y n‘, e ’ Saltstone Dlsposal Facility
Dilution Factor . < r J e

Between Max 1 m & f %

{Max 100 m Boundary

Dilution Factor = 3. 3 .
Between Max Source
Cell and Max 100 m

Dilution Factor
(Ratio of Peak Source Concentration to
Peak 100 m Concentration by 4 Pack)
Layer the 4 Pack Peak Dose Occurs in

[ InoData

[Layers

[JLayer7

[Jtayers

[ Layer 2

18




Barrier Analysis Examples:  USNRC

Protecting People and the Environment

SRS SDF

e-ran PORFLOW Model to Study Natural System
Performance (related to 2009 PA Review)

*,‘v g Saltstone D|sposal Faallty

o
| Contribution Factor

(Ratio of Peak Sector Dose for 4 Pack (B
to Peak Sector Dose for All Sources) [ iﬁ‘ .l

| Sector 4 Pack Contributes Most To

Bl AElcTeJc Il
| El [l Fl ]S

19
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Idaho National Laboratc

Tracking of Peak Plume Concentrations Through
Barriers

rrrrrrrrrrr

20
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Idaho National Laboratc

Tracking of Peak Plume Concentrations Through

Barriers

Groundwater Concentration

(Ci/cubic meter)

Tank Tc-99 for Unit (Ci) Release

1.00E-09

1.00E-11 -
1.00E-13 -
1.00E-15 -
1.00E-17 -

—_zone 1
—_zone 2
—2zone 3

zone 4

——2zone 5

1.00E-19

1.00E-21

1.00E-23
1.00E-25

/
N VA

400

500

600

700 800 900 1000
Time (yr)
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Barrier Analysis Examples: * USNRC

SRS HTF

Impact of Assessment Endpoint on Barrier
Contributions

22
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« Barrier analyses can contribute substantially to better
understanding model performance and potential
modeling issues

« Barrier analysis can help reviewers ask better questions
and focus on areas that are most important to risk

« Barrier analyses are important to understanding the
Impact of challenges to the disposal system

« Barrier analyses facilitates communication between
stakeholders

« Barrier analysis contributions are a function of
assessment endpoints including point of compliance and
period of performance

23



Additional slides if needed &=
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Barrier Analysis Examples:
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ldaho Nuclear Technology and Engineering Center
Tank Farm Facility (INTEC TFF) Barriers

&y

< Vault Fails at 100 Years

Tank Grout Fails at 500 Years ——» |5 al . #

Infiltration

0.15m (6 m)

NN HE T e o SR B
> _A‘ ] L) ¥y = e " 1 -
SandPad | ] 0.15m(61n)
GV SRR A TR T O LS e W b S g ¥ gt Sor
A ATE il e e iy B LT A W

Tak T. Oty ._'..'....)_.- ‘:. 2T .._- :
oy fl&" e . 0.76 m (30 in)

25
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Idaho National Laboratc

ldaho Nuclear Technology and Engineering Center
Tank Farm Facility (INTEC TFF) Barriers

Tank Fanm Big Lest \River

1)
44 [ * | P

Elevation, m

= B B % B B OE B O} B B

Disiance, m
Vertical Exaggeration = 5.58(X

26
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Idaho National Laboratc

ldaho Nuclear Technology and Engineering Center
Tank Farm Facility (INTEC TFF) Barriers

27
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H-Tank Farm Facility (HTF) Barriers

VEGETATION COVER NOT SHOWN

coNTAMINATION ZoNE |
'.'n" ‘ui A L

Waste Release

UNDISTURBED SOIL

Hydrogeology

SATURATED ZONE
(AQUIFERS)

[NOT TO SCALE] 28
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SRS HTF

Dilution/Attenuation Factor Example
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Single Natural System Barrier pE———
Example Tv?:c'_:;]"ks
« Type | Tanks--Attenuation N - l/
factors are 15-40 fromthe | ... """" ¥, ~0®
source to the 1-m boundary -—9'%..
and 1.3 to 3 from the 1-m to the /‘J"’ ’..
100-m boundary for Tc-99. ; Q e
Dispersion, cumulative impacts OO
relatively significant (trade-off). e I Q 5 Ao
« Tank 18--Attenuation factor is 5 % O e
from the source to the 1-m
boundary and 10 from the 1-m
to the 100-m boundary for Pu-
239. Dispersion, cumulative

impacts less significant.
30



Barrier Analysis Examples:

SRS SDF

100 - 700
600
500
[
E 400
=
£
2 300
a
200
100
0
0 2.000 4.000 6.000 8.000 10.000 12.000 14.000 16,000 18.000 20.000
—— Number of fractures  Years After Closure
Tc-99, Case K. Kd = 1000 to 10 mL/g - —-—-Total, Case K, Kd= 1000 to 10 mL/g
Tc-99, Case K1, Kd =500 to 0.8 mL/g - ——Total, Case K1, Kd = 500 to 0.8 mL/g
Tc-99, Case K2, Kd=500to 10 mL/g - - ~-Total, Case K2, Kd =500 to 10 mL/g
31

Adapted from DOE Response to NRC’s Second Request for Additional Information, Fig. SP-19

Number of Fractures



